C
LINICAL attention has increasingly focused on atherosclerotic disease of the basilar artery and vertebral arteries as the cause of vertebrobasilar ischemia. Many investigators have recognized that stroke in the posterior circulation may be foreshadowed by transient brain-stem or cerebellar dysfunction. When carefully diagnosed according to rigid criteria, transient ischemic attacks (TIA's) of the posterior circulation, like those of the carotid circulation, have an associated 25% to 35% risk of stroke in 5 years. 8"26 Anticoagulation therapy has been recommended 4~ and employed to avoid the poor outcome attending posterior circulation infarction. However, in several uncontrolled trials, patients with clinical evidence of vertebrobasilar ischemia, but without angiographic demonstration of the responsible atherosclerotic lesion, have benefited only marginally, t4'53'~5 Furthermore, many patients with symptomatic posterior circulation disease continue to have TIA's despite anticoagulation therapy. 53,55 Platelet antiaggregating agents, although not adequately studied for use in the treatment of posterior fossa TIA's, may afford partial protection similar to that reported for anterior circulation TIA's)
Because of the failure of medical therapy to provide a definitive solution to the problem of vertebrobasilar insufficiency, surgical treatment of this condition has been investigated. This report reviews our experience with extracranial procedures: vertebral-carotid artery transposition, proximal vertebral artery endarterectomy, lysis of fascial bands causing vertebral artery compression, decompression of osteophytic vertebral artery stenosis, and external carotid to extracranial vertebral artery bypass. The surgical technique for each procedure and the efficacy and low morbidity of extracranial vertebral artery surgery are emphasized.
Clinical Material

General Patient Characteristics
Forty patients were treated surgically for occlusive disease of the extracranial vertebral artery. Twenty-four patients were male and 16 were female (mean age 59 years, range 17 to 76 years). Two-thirds of the patients had hypertension; nearly one-fourth had diabetes mellitus.
The patients presented with TIA's, orthostatic vertebrobasilar ischemia, stroke, or a combination of the three (Table 1) . Focal symptoms referable to the pos-terior circulation were present in all cases. The patients, significantly disabled by their recurrent symptoms, had no incapacitating fixed brain-stem or cerebellar deficits. All patients had angiographically defined vertebral artery or subclavian artery occlusive disease. Appropriate laboratory evaluation eliminated hematological and cardiac disorders as the cause of symptoms. In each case, symptoms of vertebrobasilar insufficiency persisted despite anticoagulant or antiplatelet therapy.
Radiological Evaluation
In all cases computerized tomography was performed to rule out mass lesions mimicking vertebrobasilar ischemia. Computerized tomography often demonstrated areas of recent or remote cerebellar infarction, but it defined areas of brain-stem ischemia poorly. When the diagnosis of vertebrobasilar ischemia was doubtful, magnetic resonance imaging helped to localize the source of symptoms by demonstrating small brain-stem or cerebellar infarctions (Fig. 1) .
Complete cerebral angiography is an essential study when planning surgical treatment for posterior circulation disease. To localize the symptomatic lesion and to identify associated lesions and collateral patterns that may influence therapy, it is critical to visualize the proximal subclavian arteries, vertebral artery origins, cervical and intracranial vertebral artery segments, and the basilar artery and its branches.
Summary of Cases and Operative Techniques
General Anesthetic and Surgical Principles
All operations were performed under general anesthesia with maintenance of normotension, normocapnia, and adequate oxygenation (pO2 > 100 torr). Most patients had intraoperative electroencephalographic (EEG) recording (usually by compressed spectral analysis) and monitoring of auditory and somatosensory evoked potentials. Heparin (100 U/kg) was administered intravenously before intraoperative occlusion of the subclavian, carotid, or vertebral arteries and was usually not reversed at the end of the procedure. Aspirin (5 grains three times daily) was administered preoperatively and continued postoperatively.
Before vascular clamping, barbiturates (thiopental, I to 3 mg/kg loading dose) were given intravenously until EEG burst suppression was achieved. During the period of vessel occlusion, administration of barbiturates was continued at a dose adequate to maintain burst suppression? 6 If hypotension occurred before burst suppression, pressor agents (generally dopamine) were administered to maintain normotension, and barbiturates were administered until the EEG burst was suppressed. Shunts were not used.
Extubation of the patients was occasionally delayed postoperatively (up to 1 hour) because of obtundation secondary to barbiturate administration. However, the neurological status of the patients could be evaluated by observing pupillary reactivity and the motor re- sponse to painful stimulation. Patients were extubated when they were alert enough to follow commands.
The operating microscope was used in all cases. The superior lighting and optics provided by the microscope facilitate working with vascular structures deep within the exposure.
Proximal Subclavian Artery Stenosis or Occlusion
Management. Ten patients (Cases 1 to 10) had occlusion of the proximal subclavian artery with angiographic evidence of "steal" from the vertebrobasilar circulation. Their presenting symptoms are outlined in Table 1 . Only one patient had a fixed deficit, an ataxic gait. None of these patients had symptoms of upperextremity ischemia. The subclavian steal was treated by vertebral artery to common carotid artery transposition. The incision, made parallel to and above the clavicle, begins at the sternoclavicular articulation and extends laterally for 6 cm. By dividing the clavicular head of the sternocleidomastoid muscle, a cuff is left on the clavicle that can be used to reapproximate the muscle at the end of the procedure. The carotid sheath is opened; the internal jugular vein is retracted laterally and the common carotid artery medially. To avoid a lymphatic fistula during operations on the left side, the thoracic duct must be securely ligated before it is divided.
The vertebral artery can be identified in two ways. The subclavian artery may be exposed laterally and followed until its branches are exposed. The vertebral artery is the most proximal branch of the subclavian artery and exits from its posterosuperior aspect. The ol o vertebral artery has no proximal branches and thus differs from the thyrocervical trunk that divides into several branches immediately after its origin from the anterosuperior aspect of the subclavian artery. Alternatively, the vertebral artery may be located by palpating the tubercle of the transverse process of the C-6 vertebra and identifying the artery at its point of entry into the transverse foramen. Exposure of the anterior scalene muscle and the phrenic nerve indicates that the approach is too far lateral. The recurrent laryngeal nerve, the cervical sympathetic trunk, and the lower elements of the brachial plexus must be protected during the surgical exposure. After exposing the common carotid and vertebral arteries, the vertebral artery, as it enters the transverse foramen, is occluded with a temporary aneurysm clip and doubly ligated with Weck clips as close as possible to the subclavian artery. The vertebral artery is then transected just above the Weck clips and flushed with heparinized saline. Endarterectomy of the orifice is indicated if the lumen is compromised by atherosclerotic plaque. If the isolated vertebral artery is too short to reach the common carotid artery without tension, the transverse process of C-6 can be resected and additional length gained by mobilizing the vertebral artery from its foramen.
The common carotid artery is clamped and rotated so that a circular arteriotomy can be made on its posterolateral aspect with an aortic punch (4 or 5 mm, tailored to the size of the vertebral artery). The end of the vertebral artery is cut obliquely, a fish-mouth opening is created, and the artery is approximated to the common carotid arteriotomy using 7-0 monofilament sutures at the superior and inferior ends of the anastomosis. The back wall of the anastomosis is closed first by suturing from the c o m m o n carotid artery to the vertebral artery while viewing the inside of the vessels. After the back wall closure is completed, the suture is tied to the adjacent tacking stitch. The second suture closes the front wall by inserting the needle from the vertebral artery to the carotid artery while viewing the outer surface of the vessels. Immediately before completing the anastomosis, the lumen is flushed with heparinized saline, and backbleeding is allowed: first from the distal common carotid artery, then from the vertebral artery (Fig. 2) . The anastomosis is completed, and the final stitch tied. The wound is closed after reapproximation of the clavicular head of the sternocleidomastoid muscle to its origin.
Outcome. Nine of the 10 end-to-side vertebral artery to common carotid artery transpositions for patients with subclavian steal were performed on the left side with satisfactory technical results. Follow-up angiography showed no anastomotic compromise or carotid luminal narrowing. In each case the transposition was patent. In one patient the subclavian artery became occluded asymptomatically. Another patient developed a transient ipsilateral Homer's syndrome due to the surgical manipulation of the cervical sympathetic chain R. F. S p e t z l e r , et al. 
Vertebral Origin Stenosis
Management. Eighteen patients (Cases 11 to 28) were treated for severe atherosclerotic stenosis of the vertebral artery origin. In all but one patient the flow contribution to the posterior circulation from the contralateral vertebral artery was severely restricted due to atresia, hypoplasia, stenosis, occlusion, or posterior inferior cerebellar artery termination. Five patients presented with TIA's that were related to posture or exertion. Fifteen of the procedures were vertebral artery to common carotid artery transpositions as described above (Figs. 3 and 4) . In one case this was combined with carotid endarterectomy.
Two patients (Cases 27 and 28) underwent vertebral artery endarterectomy because of severe atherosclerotic involvement of the ipsilateral common carotid artery at its origin. While the vertebral artery need not be dissected to its entrance into the transverse foramen, its origin must be isolated from the subclavian artery. The subclavian artery must be exposed both proximal and distal to the vertebral artery origin. The thyrocervical trunk and internal mammary artery must be isolated
FIG. 3. Postoperative angiogram in Case 21 depicting a vertebral artery-carotid artery transposition (arrow).
and temporarily clipped. After administration of heparin and barbiturates, the subclavian artery is occluded on either side of the vertebral artery origin, and a temporary aneurysm clip is placed on the vertebral artery. A longitudinal incision in the anterosuperior aspect of the subclavian artery permits visualization of the vertebral artery origin. Invariably, the vertebral lesion is continuous with plaque in the subclavian artery; therefore, the endarterectomy begins in this vessel. Plaque is dissected from the subclavian wall toward the origin of the vertebral artery. The lesion is carefully separated from the proximal vertebral artery which is rarely involved for more than 1 cm. The plaque may extend into the origin of the thyrocervical and internal mammary arteries and is removed from the origin of these vessels. If there is a significant flap or intimal step-off in the subclavian artery at the distal margin of the endarterectomy, intimal tacking sutures are used. Because plaques at the vertebral artery origin are typically short with abrupt endpoints, tacking sutures are seldom needed. An alternative method of vertebral artery endarterectomy has been used: a vertical or transverse incision in the subclavian artery extending into the proximal vertebral artery. This permits direct visualization of the endpoint of the vertebral artery plaque. To avoid compromising the vertebral artery origin, the incision is closed by means of a saphenous vein patch graft. The subclavian and vertebral arteriotomy is closed with 6-0 monofilament suture, but first the operated segment is flushed by temporarily opening the proximal subclavian clamp. After the vertebral artery is allowed to back- bleed, the arteriotomy closure is completed and the clamps are removed.
Two patients with vertebral artery origin stenosis underwent balloon angioplasty of their stenotic lesions. In Case 26, a 52-year-old woman with severe cerebrovascular disease (occlusions of the contralateral internal carotid artery and vertebral artery) had diffuse atheromatous disease with narrowing of the ipsilateral common and internal carotid arteries. Vertebral artery transposition was not performed because the procedure would have required temporary occlusion of the only remaining major cervical vessels, and because the ipsilateral carotid artery was severely atherosclerotic. Vertebral artery endarterectomy was not attempted because of the low origin of the stenotic left vertebral artery. 
Vertebral Artery Compression By a Fibrous Band
Management. One patient (Case 29) had symptoms of vertebrobasilar insufficiency due to a positionally related compression of the vertebral artery by a cervical fibrous band. He experienced vertigo and syncope while turning his head to the right. Angiography demonstrated that the artery was patent in the neutral position; it became occluded approximately 2 cm above its origin with head rotation to the right. The contralateral vertebral artery was hypoplastic. The vertebral artery was exposed from the subclavian artery to its entrance into the transverse process of the C-6 vertebra as described above. A short distance above its origin, the artery was constricted by fibrous bands that appeared to be ligamentous attachments of the longus colli muscle.
Outcome. turning. Two patients had typical posterior circulation TIA's without a marked relationship to head/neck position. The contralateral vertebral artery was hypoplastic in two patients and absent in one. Vertebral artery compression due to spondylotic disease is surgically managed by direct removal of the spurs from the uncinate processes of the vertebral artery bodies. The skin incision (transverse for single-or twolevel disease, longitudinal for multiple-level disease) is made along the anterior border of the sternocleidomastoid muscle at the level of vertebral artery compression. The plane between the strap muscles, thyroid, trachea, and esophagus medially and the sternocleidomastoid muscle and carotid sheath laterally is developed until the spine is exposed. The level is confirmed by an intraoperative x-ray film. The ipsilateral longus colli muscles are dissected from the anterolateral surface of the transverse processes of the cervical vertebrae at the appropriate levels. The sympathetic nervous system trunk, which lies on the lateral aspect of the longus colli muscle, must be preserved. The muscle must be dissected carefully when lateral to the anterior tubercle of the transverse process because the cervical nerves are located immediately lateral and posterior. The transverse foramina above and below the level of stenosis are unroofed. The venous plexus that invests the vertebral artery is coagulated and dissected from the artery. The vertebral artery must be mobilized laterally to expose the osteophyte originating from the uncovertebral joint. A high-speed drill and curettes are used to remove the osteophyte. Besides the osteophytes, fibrous adhesions within or between the cervical transverse processes may also constrict the artery. After the foramina have been unroofed, the osteophytes resected, and FIG. 6. Artist's representation of the surgical anatomy, osteophytic compression at C-3, and a completed decompression at C-4. the adhesions released, the vertebral artery should expand to its full size (Fig. 6) .
Outcome. Angiography showed restoration of normal vertebral artery diameter after decompression in all three patients. There were no perioperative complications, and all were relieved of their symptoms.
Traumatic Mid-Vertebral Artery Dissection with Pseudoaneurysm at C-6
Management. In Case 33, a 29-year-old woman developed a pseudoaneurysm after sustaining a traumatic vertebral artery dissection secondary to chiropractic manipulation of her neck. Embolization from the area of dissection, involving the right vertebral artery at the C-6 transverse process, caused a mild brainstem infarction. She had posterior circulation TIA's despite treatment with anticoagulant drugs. Follow-up angiography demonstrated a pseudoaneurysm at the site of dissection. At surgery, the proximal right vertebral artery was exposed and followed to its entrance into the C-6 transverse foramen. The muscle attachments to the C-5 and C-6 transverse processes were removed subperiosteally, and the foramina were unroofed with a Midas Rex high-speed drill.* Dissection of the vertebral venous plexus exposed the discolored, enlarged aneurysmal vertebral artery. The caliber of the artery returned to normal at the level of the C-5 transverse foramen. After heparin and barbiturate administration, temporary clips were placed on the exposed vertebral artery proximal and distal to the injury. A linear arteriotomy was made in the isolated vertebral artery segment. At the site of dissection, the intima was elevated forming a shelf that nearly occluded the lumen. Fresh thrombus adhered to the area of mural injury. The pseudoaneurysm was formed by dissection of blood into the subadventitial plane through a defect in the media. This segment was endarterectomized, the intimal shelf was removed, and the vessel closed with a running suture. Removing the clips restored patency after flushing the vessel.
Outcome. The postoperative angiogram demonstrated resolution of the luminal irregularities at the dissection. The patient had no postoperative complications and no further symptoms.
Proximal Vertebral Artery Occlusion
Management. Six patients (Cases 34 to 39) had symptoms of posterior circulation ischemia due to proximal vertebral artery occlusion. All had compromised flow through the contralateral vertebral artery (Table l) and had recurrent posterior circulation TIA's despite anticoagulant or antiplatelet therapy. Subtraction angiograms showed reconstitution of the distal cervical portion of the occluded vertebral artery by muscular collateral vessels from the ascending cervical and occipital arteries. The flow to the patent segment of the vertebral artery can be augmented by a bypass from the external carotid artery to the distal vertebral artery. Two techniques can be used. In one, the vertebral artery at the C 1-2 level is exposed from a lateral approach. The patient is supine with the head rotated to the opposite side. This position brings the lateral mass of the atlas, with the enclosed artery, close to the surface just inferior to the mastoid tip. The upper end of the incision extends posteriorly below the mastoid process. The sternocleidomastoid muscle is divided below its insertion on the mastoid process, leaving a tendinous cuff on the bone. The spinal accessory nerve must be protected. This nerve descends laterally in an oblique fashion, usually anterior to the internal jugular vein, and either centers or courses behind the deep part of the sternocleidomastoid muscle. Resecting the transverse process of the atlas unroofs its foramen and exposes the vertebral artery. To isolate a 2-cm segment of the artery, the vertebral venous plexus is coagulated and dissected. The carotid bifurcation is exposed as in a carotid endarterectomy, and the external carotid * High-speed drill manufactured by Midas Rex, Fort Worth, Texas. branches are isolated. We ordinarily use the occipital artery for the bypass, but the internal maxillary artery may be substituted if the occipital artery is already a major source of collateral supply to the vertebral artery. Usually, a sufficient length of these vessels can be isolated to reach the vertebral artery without tension. If the external carotid branches are inadequate for the bypass, a segment of saphenous vein may be interposed between the vertebral artery and the external or common carotid artery. Small temporary aneurysm clips are most effective to occlude the vertebral artery during the anastomosis because they can be placed strategically to occlude the muscular branches that enter the posterior surface of the vertebral artery. An 8-0 or 9-0 monofilament suture completes the anastomosis.
The distal vertebral artery can also be exposed through a posterior midline approach (Fig. 7) . The patient is placed in the lateral decubitus position with the head turned downward. The course of the occipital artery is identified with the Doppler probe and marked. A hockey-stick incision begins just medial to the mastoid tip and extends to the inion where it descends at the midline to the level of the C-3 spinous process. The scalp and posterior cervical muscles are freed subperiosteally from the occiput; the arch of C-I and the lamina of C-2 on the side of the vertebral artery to be exposed are reflected laterally. The vertebral artery is identified above the arch of C-1 where it penetrates the dura mater. After resecting the C-1 arch, careful coagulation and dissection of the vertebral artery venous plexus provides access to a 1.0-to 1.5-cm horizontal segment of the artery. The occipital artery, which should be left in continuity during the opening, is dissected from its course through the suboccipital musculature.
A sufficient length of the occipital artery is isolated, then temporarily clipped proximally, divided distally, and flushed with heparinized saline. The vertebral artery segment intended for the anastomosis is isolated between temporary clips, and a linear arteriotomy is made. The occipital artery-vertebral artery anastomosis is completed with 9-0 monofilament nylon suture (Fig.  8) . Technically straightforward, the procedure may be complicated by significant atherosclerotic involvement of this segment of the vertebral artery.
Outcome. The four lateral external carotid artery to vertebral artery anastomoses were patent on postoperative angiography. All of these patients had resolution of their symptoms. One patient developed postoperative pneumonitis that resolved only after prolonged ventilatory support and antibiotic therapy.
The occipital bypass became occluded in one patient who underwent a posterior midline procedure. He required subsequent bypass to the posterior inferior cerebellar artery. The other patient had angiographic demonstration of bypass patency, but filling of the intracranial circulation was poor. His course was complicated by a middle cerebral artery infarction on postoperative Day 6. In both cases bypass flow was poor because the third portion of the vertebral artery was narrowed by atherosclerotic plaque that extended intracranially. at C-2 after a traumatic injury to his neck during a basketball game. 24 He experienced repeated TIA's and an occipital lobe infarction despite anticoagulation therapy. The contralateral vertebral artery was patent but small compared to the caliber of the injured vessel. The patient was taken to surgery still heparinized. The left vertebral artey at the C 1-2 level was exposed through a midline posterior approach using the hockey-stick incision and the technique outlined above. A primary repair of the artery was not feasible so the vertebral artery was occluded with a curved 7-mm aneurysm clip just distal to the pseudoaneurysm. To maintain flow through this vertebral artery, an end-to-side occipital artery to vertebral artery anstomosis was fashioned with a 9-0 nylon monofilament suture just distal to the clip but proximal to the entry of the vertebral artery into the dura mater.
Traumatic Vertebral Artery
Outcome. Postoperative angiography revealed elimination of the pseudoaneurysm and a patent occipital artery-vertebral artery anastomosis. There were no postoperative complications, and the patient had no further ischemic symptoms.
Results
There were no deaths and no posterior circulation strokes in the perioperative or follow-up periods among the 40 patients treated by extracranial procedures for vertebrobasilar insufficiency (mean follow-up period 18 months). Thirty-four of the 41 procedures resulted in elimination of the patient's preoperative symptoms. Four patients had reduced symptoms after their procedure, and two patients were unchanged (Table 2) .
There were 10 early complications (up to 30 days postoperatively) among the 40 patients treated. Seven of the l0 complications were minor and transient (four Homer's syndromes, one superficial wound infection, one asymptomatic subclavian artery occlusion, and one transient increase of deficit after transfemoral angioplasty). One patient had an occluded occipital to extradural vertebral artery bypass and required a subsequent occipital to posterior inferior cerebellar artery anastomosis. One patient developed a severe pneumonitis 6 days after an external carotid to vertebral artery bypass. He recovered only after prolonged antibiotic therapy, ventilatory support, and a tracheostomy. The last patient had the only postoperative stroke in this series: a middle cerebral artery infarction on the 6th day after an occipital artery-vertebral artery anastomosis. He recovered without major disability. The 40 patients had no late complications.
Discussion
Management of vertebrobasilar insufficiency requires an understanding of the underlying pathology, the pathophysiology, and the natural history of vertebral artery atherosclerosis. Surgical therapy must be specifically directed at the individual vascular occlusive lesions. In the following sections these factors are considered.
Pathology
Just as in the carotid system, atherosclerosis preferentially affects certain segments of the vertebral arteries. 7'29'36'48'52 The second portion of the vertebral artery, from the C-6 transverse foramen to the atlantoaxial level, is seldom significantly diseased. The third and fourth segments of the vertebral artery, from the atlantoaxial region to the dura mater and from the dura mater to the vertebrobasilar junction, are also sites of atherosclerotic lesions. In our patients vertebral artery origin disease was common, third-and fourth-segment involvement was less prevalent, and second-segment plaques were rare.
In the carotid system atherosclerotic plaque ulceration is a common pathological finding, implicated in the genesis of ischemic symptoms; 42 ulceration of vertebral artery plaques is reportedly unusual. Fisher and colleagues '9 reported that only 4% of vertebral artery origin lesions showed ulcers. Imparato, et al., 3~ described the proximal vertebral artery plaques in 58 patients as smooth fibrous lesions. In our series, ulceration in vertebral artery origin plaques was more common than previously reported: there were three definite friable ulcers among the 27 patients explored for either transposition or endarterectomy.
Although atherosclerotic disease is the most common cause of vertebrobasilar ischemic insufficiency, the vertebral artery is susceptible to other pathological processes. Because of the intimate relationship of the second and third portions of the vessel to the cervical spine, vertebral artery compromise may result from spinal pathology. Cervical spondylotic osteophytes can cause significant stenosis by direct compression of the artery. 44"46"5t Injury to the vertebral arteries may follow minor neck trauma, chiropractic manipulation, or fracture-dislocation of the spine.~2'3z'4~ Any of these events can dissect arteries or form pseudoaneurysms with subsequent brain-stem or cerebellar infarction. 32 Cervical fascial bands may rarely cause symptomatic vertebral artery compression. 25'3s'49 These bands appear to be tendinous components of the cervical spinal musculature. 25,38
Pathophysiology
Both hemodynamic and embolic mechanisms appear to cause vertebrobasilar ischemia. Extracranial vertebral artery disease seldom causes posterior circulation ischemia unless both arteries are compromised, emphasizing the importance of flow restriction in the genesis of symptoms. Ischemic symptoms due to the subclavian steal phenomenon are a classic example of the hemodynamic mechanisms at work. 2'3 The fact that vertebrobasilar symptoms are commonly related to activities that transiently reduce systemic blood pressure (such as postural changes) validates the significance of hemodynamic insufficiency as a cause of symptoms. Objective evidence has been provided by cerebral blood flow studies in patients with vertebrobasilar ischemia. 45 These studies have documented a fall in posterior circulation perfusion due to orthostatic changes.
In our experience hemodynamic compromise of the posterior circulation was the primary cause of vertebrobasilar ischemic symptoms. All but one of our patients had significant bilateral vertebral artery compromise, and that patient was not improved by surgery. Symptomatic atherosclerotic lesions were invariably associated with contralateral vertebral artery occlusion, atresia, hypoplasia, or termination in the posterior inferior cerebellar artery. Hence, the symptomatic lesion was responsible for a critical reduction in posterior circulation perfusion.
A small number of patients will have vertebrobasilar ischemic symptoms without evidence of hemodynamic insufficiency. The occurrence of artery to artery embolization from proximal vertebral artery stenotic lesions (despite a widely patent contralateral vertebral artery) has been documented by several investigators. 9,z~ While emboli do not appear to play a major role in the genesis of vertebrobasilar ischemia due to atherosclerosis, emboli are the predominant source of repeated ischemic symptoms in patients with traumatic vertebral artery injuries. 24, 32 This point is emphasized by both patients in our series who developed vertebral artery dissection with pseudoaneurysm formation due to trauma (Cases 33 and 40).
Natural History of Vertebrobasilar Ischemia and Extracranial Vertebral Artery Disease
Vertebrobasilar arterial territory infarction carries a serious prognosis. The occurrence of death in the acute stage of posterior circulation infarction has varied from 20% to 30% in several studies, 31'39'47 which is significantly greater than for carotid system infarction.
In the past, TIA's in the vertebrobasilar distribution have been considered relatively benign, partly because the patients classified as having vertebrobasilar TIA's included a number who had isolated nonspecific symptoms such as blurred vision, vertigo, or dizziness. However, recent studies TM employing rigid diagnostic criteria have indicated that survival and stroke rates were similar for patients with either carotid or vertebrobasilar Unfortunately, there are few clinical follow-up studies of patients with angiographically defined vertebral artery lesions. Moufarrij, et al., 43 analyzed the longterm outcome of patients with 50% or more vertebral artery stenosis, and found that these lesions were associated with a low incidence of posterior circulation infarction. However, no patient presented with definite vertebrobasilar TIA's, and most had disease of only one vertebral artery. These patients, therefore, are not comparable to those usually considered for surgical treatment.
Most of the information concerning the clinical significance of these lesions is found in clinicopathological studies. In contrast to the carotid system, vertebrobasilar infarction is more likely to be related to occlusive disease of the intracranial vessels (the terminal vertebral and basilar arteries) than to the extracranial vessels.9 ' 18,19 Our experience has been consistent with this. Among the patients treated, repeated TIA's alone were more common than infarctions. Two factors appear to be responsible. The first is that, in the posterior circulation, major vessel occlusion frequently occurs intracranially. 7 The second is that occlusion of the proximal vertebral artery is less likely to result in ischemia because of the presence of the contralateral vertebral artery and the extensive collateral supply to the upper cervical vertebral artery from external carotid and thyrocervical vessels. This collateral flow usually ameliorates the hemodynamic compromise caused by proximal vertebral artery occlusion and may prevent propagation of thrombus into the intracranial circulation. Intracranial vertebral artery lesions are more dangerous because they may involve the origin of the posterior inferior cerebellar artery, causing medullary or cerebellar infarction. Furthermore, thrombosis of the intracranial segment has a greater hemodynamic impact because this part of the artery is beyond the main collateral network.
In spite of these factors, extracranial vertebral artery disease is not benign. Patients reported by several investigators have had posterior circulation infarctions associated with proximal vertebral artery stenosis or occlusion. 9,~9,2~
Bilateral extracranial vertebral artery compromise was present in the majority of these patients. Both hemodynamic and embolic mechanisms appeared to have been involved in the infarctions.
Compression by fascial bands or spinal osteophytes may compromise the extracranial vertebral artery. These lesions are usually manifested by transient episodes of vertebrobasilar ischemia that may be associated with certain movements or positions of the head and neck. Symptoms typically consist of repetitive TIA's rather than infarction, but occipital and brain-stem strokes have been reported as infrequent complications. 25, 38, 44, 46, 51 Trauma to the extracranial vertebral artery may result in lesions that endanger the posterior circulation. Embolizations from pseudoaneurysms and impaired perfusion due to stenosis or occlusion secondary to dissection after traumatic vertebral artery injury have been reported. 32 Treatment with anticoagulant agents may permit spontaneous healing of vertebral artery dissections in some cases, but traumatic aneurysms may continue to act as a source of emboli, as documented in two patients presented in this series.
Proximal subclavian artery stenosis or occlusion may cause such a pressure drop in the distal vessel that retrograde flow is induced in the ipsilateral vertebral artery, or subclavian steal. 2"3 The diversion of flow from the vertebrobasilar circulation, characteristic of this syndrome, may result in recurrent TIA's. The symptoms may be related to exertion of the ipsilateral upper extremity. Cerebral infarction, an unusual complication of this condition, '7 has been reported with acute onset of the steal syndrome after traumatic occlusion of the subclavian or innominate arteries. 37 This phenomenon has been observed as a rare consequence of chronic steal. 27'55 Extracranial vertebral artery disease is still clinically important even though the risk of stroke is comparatively low. Vertebral artery lesions have a pronounced capacity to cause frequent TIA's. The repetitive occurrence of vertigo, diplopia, focal motor or sensory deficits, or dysarthria can be severely disabling. Our patients were significantly impaired by continuing attacks that often were precipitated by postural changes or moderate exertion despite anticoagulant or antiplatelet therapy. Surgery is indicated, more to provide relief from recurrent TIA's than to prevent the development of infarction.
Conclusions
The role of anticoagulant or antiplatelet agents in the treatment of vertebrobasilar insufficiency has not been clearly defined. No controlled randomized clinical trials have tested the efficacy of antithrombotic therapy for symptomatic patients with angiographically defined vertebrobasilar disease. Retrospective studies have suggested that anticoagulant therapy reduces the probability of stroke in patients with vertebrobasilar TIA's. 4~, 55 The benefit seems to be limited primarily to the first 6 months after the onset of symptoms. Longer treatment with anticoagulant agents carries such a significant risk of intracranial hemorrhage that chronic therapy appears to be contraindicated. '4"s3"55 Antiplatelet therapy is safer, and its efficacy in patients with TIA's in general suggests that it may be effective in reducing the risk of stroke in the subgroup of patients with vertebrobasilar symptoms. 5"t4"53 Hence, a trial of antiplatelet therapy and possibly a short trial of anticoagulant therapy is reasonable in patients with vertebrobasilar insufficiency.
The patient with symptoms refractory to antithrombotic therapy should be considered for surgery. Surgical reconstruction of diseased vertebral arteries is a viable option. Such procedures are safe and efficacious in relieving symptoms. 1"2"4'7" I 0,13'] 5-17'21 '23'24'27'28"33'34'44'49'50 '57 Surgical therapy is tailored to individual alterations in vascular anatomy and directed at the lesion pathophysiologically responsible for symptoms. In our series there were no deaths and only one patient with stroke in a vessel remote from the procedure (middle cerebral artery territory 6 days after surgery). Ninety-three percent of the patients had improvement or relief of symptoms. Therefore, surgical therapy in appropriately selected patients with severe extracranial vertebrobasilar ischemia seems justified.
